Is it possible to detect a transient violation
of the Pauli principle at the subfemtosecond scale ?
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Premise N. 1

Nowadays pumpand-probe experiments are becoming extremely important

In condensedmatter and atomic physics. . !

30 cm — 1ns; 30 pm—> 100 fs
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Schematic representation of the time5 4 2 f GSR G FA L Y¢§
of pump-and-probedynamics. At different time delay R | o ™ ém“fs w7
the probe monitors different states by the change N —— } ,

physical properties.
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P(t): Resolution Pulse

From A. Marino, Ph.D. Thesis, 2015 (1)
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Optical regime

olid state group laboratory femtosecond pupmpbe equipment
Institute de Physique de Rennemiversity of Rennes 1, France

Setup of the BioCARS beamline at APS Synchrotron. A mechanigal
chopper system is used to isolate singlea)X pulses from the storage
ring. The laser beam is oriented orthogonal to thrayKbeam and

intersects the crystal at the center of the goniometer rotati

ipn.
The chopper/shutter includes a higéatload chopper, which produces
a 22 ms burst of Xays and the Julich chopper capable of isolating

single 50 ps Xay pulse at a rate of 1 kHz

From T. Graber et all. Synchrotron RadL.8, 658 670 011J)
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X-ray regime
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Temporal evolution of the spin conversion.
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Is it possible to detect a transient violation
of the Pauli principle at the subfemtosecond scale ?




Premise N. 2

Corinaldesi 6s i dea that Paul:i princi
SUPPLEMENTO AL NUOVO CIMENTO N. 3, 1967
VOLUME V

Model of a Dynamical Theory of the Pauli Principle.

E. CORINALDESI
Department of Physics, Boston University - Boston, Mass.

(ricevuto il 4 Marzo 1967)

This note does not question the fact that nature seems to order systems
of «identical » bosons and fermions in a special way which we describe by
means of symmetric and antisymmetric wave functions. Our only aim is to
show that this ordering may be conceived as a dynamical process of which
only the final stage is normally observed.

F
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Corinal desi 6s i dea that Paul i princiop

Consider the article Lagrangian of the conventional A@tativistic theory:

—_._.ﬁi t. t. Font i ﬁ 81)01. 1~an
P = E-m{v‘w Vi +Vyp ?gw]mlﬂt"ﬁﬂ-...—kﬁ(g y—wp g)

And add to it the following notinear term (written here for fermions):
Lo =3(Y7 @2 +Y " 2DNY @2 +Y 2D Inx)

[Y @2 +Y @)Y @2)- Y (D)
Y @2)- Y 2D))Y 1L2) +Y (21))

where: X = Is a phase !

Notice that the notinear term is zero for both newverlapping fermionsx&1, so Irx =0),
and for symmetrized wavkinctions, becaus¥é(1,2) =-Y (2,1) (')
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Corinal desi 6s i dea that Paul i princiop
pefine: N =3 (Y "(L2)- Y @D)Y 12)- Y D)),
Nreom =1 /vy (12) +Y *(2D)Y (12) + Y (2) %X,
In this framework, the equation of motion leads to the interesting properties:

N(syn) — N(nGSyﬂ) =1

1) When the two wavepackets do not overlap, then:

- (sym &

dN 20 NEYM =92
2) When the two wavepackets start overlapping, then: < dt upto: <<
(no-sym

dN ¢0 N (o s —

— dt —

dN(Syﬂ) dN(nO sym
with the property (conservation of probability) : + =0

dt dt
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Conclusions of Corinal desi 0s paper:

The new Schridinger equation can be expected to yield physical predictions
iffering from tliose derived from the conventional theory, when times are
involved which are shorter than a characteristic « symmetrization time »,

For charged fermions this would amount to a reformulation of electromagnetic
interactions in whiclihe electromagnetic field would play the role of a
symmetrizing agent (1)

This, of course, leaves three questions open:

1) How could the electromagnetic field act this way ?

2) What would be a typical value for the «symmetrization time» ?
3) How could it be possible to measure it ?
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Reminderofclassical electromagnetism

Expression of the LienardWieckert retarded electric field at g,:
Gty

b(t;)

Q- b7)(R= b(t,)) , e (& b(t,;)s £l

C
E(Rt) =

()

R*(1- RCh(t,))? cR(1- R(hH(t,))?

b(t)

2
w, = %2

The rate of work done by q on g, to order b*is:

I . . - maq, a -
Oscillating dipoles: Lienard/Wiechert emitting power p__.. = 5 1 °
e 1- %

)7 pabs:\/vl +W2 @2 HBGC;-?Z a2

)7 If \\/JA 5 )7 pemit: ngql a2

)7 Prad = Pemit = Pabs

Y Total radiated power of the
system proportional to the square Prog = /73(0[1 qZ)
of the dipole moment: “ 60C




